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(54) TiUe: COMPOSITE STRUCTURE LIGHTNING PROTECTION 




(57) Abstract: Arrangements for preventing electrical energy from lightning strikes against aircraft dissipating via aircraft fasteners 
(10) in an aircraft structure of composite materials in which a fastener (10) is covered with a layer of an insulating material (30) and 
a layer of a conductive material (32) is arranged to cover the insulating material (30) and extend over and beyond the lateral edges 
of the fastener (10), and preferential dielectric breakdown paths are provided at the edges of the conductive layer (32) distant from 
the fastener (10) so that in the event of a lightning strike electrical energy is not dissipated via the fastener (10), risking arcing and 
sparking, but instead from the edges of the conducting layer (32) to the underlying aircraft skin (12). 
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COMPOSITE STRUCTDRE LIGHTNING PROTECTION 

This invention relates to aircraft lightning protection arrangements and 
more particularly to methods for protecting aircraft skin panels and aircraft 
substructure, when the skin panels, or, both, are made from composite 
5 materials such as carbon fibre composites or hybrids of such composites and 
are joined together by metallic fasteners, from the adverse effects of a lightning 
strike which might cause arcing at the fastener. 

Aircraft structures are increasingly being made of composite materials 
rather than the aluminium alloy and similar metallic materials formerly used, 
10 largely because composite structures have favourable strength and stiffness 
characteristics whilst being lighter than metallic components. However, 
composite materials are less capable of withstanding lightning strikes compared 
to metallic materials. 

When an aircraft suffers a lightning strike, a high electric current, typically 
15 of the order of 100;000 amps, may flow through the aircraft stmcture. In a 
carbon fibre composite structure, the carbon fibre plies act as very high 
resistance conductors and the resin between the plies acts as a highly 
capacitive dielectric, so that a lightning strike on the composite results in an 
increasing potential difference produced across the ply stmcture but with no 
20 readily available electrically conductive path to allow the current to discharge. 
The cunrent therefore tends to concentrate at the fasteners between the skin 
panels and the aircraft substructure and, since the fasteners are usually made 
of metallic alloy for strength reasons, they are consequently highly electrically 
conductive. When the lightning strike energy is unable to dissipate sufficiently 
25 quickly, arcing is likely to occur at the concentration points (the fasteners) and 
dangerous sparks may be produced. 

Arcing and sparicing is a dangerous problem, especially where the 
substructure is the wall of a fuel tank and arcing risks the projection of sparks, 
molten material and/or hot gases into the fuel tank, with the consequent danger 
30 of ignition of flammable fuel. 
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Considerable efforts have been made to provide a solution to this 
problem, but so far none has proved entirely satisfactory in temis of technical 
efficiency,, reliability and ease and cheapness of manufacture. 

Known methods of protecting against lightning strike include providing a 

5 conductive layer over the aircraft outer skin (the conductive layer being isolated 
from the fastener heads) to dispense the lightning strike energy over the surface 
of the aircraft; using special fasteners designed to transmit lighting strike energy 
safely to the substructure without arcing (see, for example, EP-B-269458 or GB- 
B-2212580), or providing a conductive path by way of an electrically-conductive 

10 layer In contact with the fastener to divert much of the electrical current from a 
lightning strike away from the fastener to minimise the likelihood of arcing 
occurring with the inner substructure (see EP-B-685389). Each of these 
methods has significant disadvantages. 

The provision of an electrically conductive layer extending over 

15 substantially the entire aircraft outer surface is expensive, it adds mass without 
contributing to the strength of the assembled stmcture, and the layer is 
vulnerable to environmental damage and is difficult to maintain. 

The use of special fasteners may be prohibitively expensive, because a 
typical aircraft may require many thousands of fasteners, and they also require 

20 special, and hence time-consuming and/or expensive, manufacturing 
techniques. The use of an electrically-conductive layer to divert lightning strike 
energy away from the fasteners as in EP-B-685389 is generally an effective 
technique, but it requires several, separate manufacturing processes which 
Increases the cost and time of aircraft manufacture. Moreover, the methods 

25 typified in EP-B-685389 produce arrangements which, although largely effective 
in dissipating lightning strike energy, may not dissipate sufficient energy away 
from the fasteners quickly enough always to prevent arcing and sparking at the 
fastener. 

Accordingly, the present invention provides a method of fastening an 
30 outer aircraft skin to an inner substructure, the skin or both being made of a 
non-metallic fibre and resin composite material, using a fastener bolt, the 
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method including the steps of: inserting the bolt through the outer skin and the 
substructure and securing the bolt adjacent an inner surface of the substmcture 
such that a bolt head abuts the outer aircraft skin; applying a layer of electrically 
insulating material over the bolt head and the outer aircraft skin, and 

5 incorporating an electrically-conductive layer in the outer surface of the 
insulating layer, the conductive layer being configured so as to overiie and 
having edges extending laterally of the bolt head and being separated therefrom 
by insulating material, the layers of insulating material adjacent the lateral 
edges of the conductive layer being adapted to break down dielectrically before 

10 dielectric breakdown can occur in the insulating material separating the 
conductive layer and the bolt head, thereby to divert electrical cunrent from a 
lightning strike away from the fastener and prevent arcing at the fastener. 

This invention is predicated on the concept of dissipating lightning strike 
energy as far as possible through a conductive layer but, in acceptance of the 

15 fact that In certain circumstances dissipation may not be sufficiently rapid, 
actively promoting dielectric breakdown in a region sufficiently distant from the 
fastener to ensure that arcing and sparking from the fastener simply cannot 
occur. Instead, in the event the lightning strike energy is not sufficiently 
dissipated by the conductive layer, dielectric breakdown allows cunrent to flow 

20 from the edges of the conductive layer to the inner substructure, when the 
surplus energy dissipates sufficiently to avoid arcing and sparking. 

Those skilled in the art will appreciate that there are many methods of 
promoting preferential dielectric breakdown In the insulating material. The 
insulating material may have voids or pinholes fonmed in it adjacent the edges 

25 of the conductive material, or it may incorporate localised doping or aggregate 
conductive material, or another layer or layers of conductive material may be 
provided on the other side of the layer of insulating material, so that dielectric 
breakdown occurs between the edges of the first conductive layer and the 
further layer(s) - which also serves further to dissipate the lightning strike 

30 energy. 

Preferably the layer of Insulating material, optionally including the layer of 
conducting material, is applied to the outer aircraft skin in the form of an 
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applique layer, or strip. Appliqu6 coating of aircraft surfaces (which may be 
visualised as being similar to the application of a domestic wallpaper) is a 
relatively recent development; It has the advantage of being a quick and 
relatively Inexpensive method of applying a surface coating to an aircraft. In 
5 addition, the manufacture of the applique layer, incorporating the conductive 
layer and the means for promoting preferential dielectric breakdown, can be 
carried out easily and in an automated process removed from the aircraft itself; 
as the application of appliqu6 to an aircraft is frequently contemplated in order 
to provide the aircraft with its surface coating, the application of an appliqu6 
10 layer incorporating the lightning protection an-angement of the present invention 
is no more and no less difficult or expensive than the provision of the usual 
aircraft surface coating. Moreover, the appliqu6 coating may combine both the 
normal epoxy- and/or polyurethane-based paint layers (provided that these are 
sufficiently electrically-lnsulative) with the electrically-conductive layer of the 
15 present invention thereby to provide the aircraft wrth both its surface protection 
and decoration layer with lightning strike protection In a single process of 
applying a single appliqu6 strip (current techniques require a conventional 
primer to be used with an appliqu6 top coat. It may in future be possible to use 
an appliqu6 to replace both primer and top coat). 
20 The invention also relates to a fastening obtained by any of the methods 

according to the invention described above. Accordingly, the invention also 
provides, In another aspect, a combination of an outer aircraft skin and an inner 
substructure, the skin or both being made of a non-metallic fibre and resin 
material, and a fastener bolt securing the two together and having a bolt head 
25 abutting the outer aircraft skin, wherein a layer of electrically-Insulating material 
covers the outer aircraft skin and the bolt head and Incorporates on outer layer 
of electrically-conductive material configured so as to overile and have edges 
extending laterally of the bolt head and being separated therefrom by insulating 
material, the layer of insulating material adjacent the lateral edges of the 
30 conductive layer being adapted to break down dielectrically before dielectric 
break down can occur in the insulating material separating the conductive layer 
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and the bolt head, thereby to divert electrical current from a lightning strike 
away from the fastener and prevent arcing at the fastener. 

The conductive layer is preferably made of a solid or substantially solid 
metallic material, such as a strip of metal foil. The strip may be applied, relative 
5 to the outer aircraft skin, so as to extend over arid overiie a row of bolt heads 
forming a line of fastenings along the outer surface or skin of the aircraft. If 
applied as an appliqu6 layer, the conductive layer may be provided in the 
applique as a plurality of metallic strips so an-anged when the various appliqu§ 
strips are applied to the aircraft to form an interconnecting conductive grid 
10 extending both spanwise and chordwise of the aircraft panel to offer a larger 
metallic area over which lightning strike energy can be dissipated, and to overiie 
the grid of fasteners which frequently extend In such a manner over an aircraft's 
outer surface. The electrically-conductive layer, or the grid, may be connected 
to a metallic part of the aircraft structure to provide a route for the electrical 
15 current to pass from the composite outer surface to the metallic structure of the 
aircraft and thus avoid arcing and sparking, particulariy In regions where this 
would be especially dangerous, e.g. in the vicinity of the aircraft fuel tanks. 

The invention will now be described by way of example and with 
reference to the accompanying drawings in which: 
20 Figure 1 is a cross-sectional view through a fastener installed in an 

aircraft structure In accordance with the invention, and 

Figure 2 is an enlarged schematic view of the surface coating of the 
anrangement of Figure 1 . 

Referring to Figure 1, a fastener 10 is shown securing a skin panel 12 of 
25 an aircraft structure to an inner substmcture 14 comprising the wall of a fuel 
tank. Both the skin panel 12 and the substmcture 14 are made of carbon fibre 
composite material of low weight and high strength. The fastener 10 is made of 
metal and comprises a bolt having a levelled head 16 which is countersunk into 
a conesponding shaped opening 18 in the skin panel 12. and a shank 20, which 
30 passes through the skin panel 12 and the substructure 14 to be secured by a 
metallic nut 22 engaging the substmcture 14. The head 16 of the bolt 10 is 
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configured when engaged in the countersunk opening 18 to be substantially 
flush with the outer surface of the skin panel 12 (if there is any discontinuity in 
the outer surface of the skin panel 12 this might contribute adversely to 
aerodynamic drag In flight, or to the aircraft's radar cross section, therefore the 

5 arrangement of the bolt head 1 6 might deliberately be such that in position It sits 
below the level of the outer aircraft skin 12 with the arrangement being brought 
flush by a suitable filler material (not shown) as Is known In the art). An 
insulating skin 24 is Interposed between the skin panel 12 and the substructure 
14 as a filler, to accommodate differences In the opposed surfaces of the skin 

10 panel 12 and the substructure 14 which might lead to a varying distance there 
between when the two are brought into nominal contact by tightening of the 
fastener 10. 

Subsequently, the outer aircraft structure Is provided with an electrically 
Insulating coating 30, which may comprise the layers of epoxy- and/or 

15 polyurethane-based paints normally employed to coat the aircraft exterior, to 
provide environmental protection for the aircraft skin 12, to Improve 
aerodynamic drag characteristics and/or reduce radar cross section as Is known 
in the art. Incorporated in the electrically-insulative coating layer 30 Is a strip of 
an electrically-conductive layer 32, which is configured so as to overiie the head 

20 16 of fastener 10 and to extend laterally (left and right in Figure 1) of the bolt 
head 16. The electrically conductive layer 32 is separated from the bolt head 
16 by a thickness of electrically-insulative material, and the outer surface of the 
conductive layer 32 is flush with the outer surface of the Insulative layer 30. 

It will be appreciated that Figure 1 Is not to scale, also that the extent to 

25 which conductive layer 32 extends laterally beyond the bolt head 16 will depend 
on such factors as the thickness of the Insulative layer 30, the size of the bolt 
head 16 and the relative electrical conductivities of the materials of which the 
fastener 10, the aircraft skin panel 12. the insulative layer 30 and the conductive 
layer 32 are made. 

30 The areas 34 In the Insulative layer 30 adjacent the edges of the 

conductive layer 32 are adapted to break down dielectrlcally In the event of a 
lightning strike in preference to any dielectric breakdown between the 
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conductive layer 32 and the bolt head 16 as will be described now with 
particular reference to Figure 2. 

The regions 34 adjacent the edges of the conductive layer 32 are 
provided with inclusions 36a, pinpricks 36b or are doped with impurities 36c to 

5 provide preferential routes for dielectric breakdown and for the dissipation of 
electrical energy in the event of a lightning strike, so that excess electrical 
energy which cannot be dissipated In the conducting layer 32 alone is 
dissipated via the aircraft skin 12 and the high resistance carbon fibre plies 
therein rather than via the highly conductive fastener 10 which would risk arcing 

10 and spari<ing from the nut 22 end of the fastener threatening to ignite the 
flammable fuel. Additionally or alternatively, further electrically conductive strips 
38 (only one Is shown) are provided running substantially parallel with the 
lateral edges of the conductive layer 32 on the other side of the Insulatlve layer 
30, to encourage any electrical energy dissipated through the Insulatlve layer 30 

15 by dielectric breakdown to dissipate via the strips 30 and further reduce the 
dangers of arcing and sparking inside the aircraft. 

As is described above, the coating layers 30, 32, 38 are suitably applied 
in the fomn of an appliqu^ strip. 

It will be apparent that the present invention, being predicated on the 

20 concept of providing preferential dielectric breakdown paths for the discharge of 
lightning strike electrical energy which are removed from the vicinity of the 
underiying metallic fastener, is not limited to the specific embodiments 
illustrated. For example, the fastener 10 may be any conventional fastener, and 
the nut 22 may be in direct or indirect contact with the substructure 14. The 

25 layers 30, 32 of insulatlve and conductive material may be further protected by 
outer paint layers, and the solid metal strip 32 may be pierced by occasional, 
relatively small openings, provided the density or cross-sectional area of the 
strip remains sufficient to establish a safe conductive path for dissipating 
lightning energy. The invention is also applicable where the inner substructure 

30 14 is of metallic rather than composite material. 
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Claims 

1 . A method of fastening an outer aircraft skin to an Inner substmcture. tlie 
skin or both being made of a non-metallic fibre and resin composite 
material, using a fastener bolt, the method including the steps of: 
inserting the bolt through the outer skin and the substmcture and 
securing the bolt adjacent an inner surface of the substructure such that 
a bolt head abuts the outer aircraft skin; applying a layer of electrically 
insulating material over the bolt head and the outer aircraft skin, and 
incorporating an electrically-conductive layer In the outer surface of the 
insulating layer, the conductive layer being configured so as to overlie 
and having edges extending laterally of the bolt head and being 
separated therefrom by insulating material, the layer of Insulating 
material adjacent the lateral edges of the conductive layer being adapted 
to break down dielectrically before dielectric breakdown can occur in the 
insulating material separating the conductive layer and the bolt head, 
tiiereby to divert electrical current from a lightning strike away from the 
fastener and prevent arcing at the fastener. 

2. A method as claimed in Claim 1 comprising fomning voids, inclusions or 
pinholes in the layer of insulating material In the regions adjacent the 
edges of the conductive material to promote dielectric breakdown 
thereat. 

3. A metiiod as claimed in Claim 1 or 2 comprising including localised 
doping In the layer of insulating material in the regions adjacent the 
edges of the conductive material to promote dielectric breakdown 
thereat. 

4. A method as claimed in any of Claims 1 . 2 or 3 comprising providing two 
further layers of electrically-conductive material contiguous with the 
Insulating material and the outer aircraft skin and in the regions adjacent 
the edges of the conductive material to promote dielectric breakdown so 
that electrical current flows through the insulating material from the 
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edges of the conductive material to tlie further layers of conductive 
material. 

5. A method as claimed in any preceding claim comprising applying the 
layer of insulating material In the fonn of an appliqu^ layer. 

5 6. A combination of an outer aircraft skin and an inner substructure, the skin 
or both being made of a non-metallic fibre and resin material, and a 
fastener bolt securing the two together and having a bolt head abutting 
the outer aircraft skin, wherein a layer of electrically-insulating material 
covers the outer aircraft skin and the bolt head and incorporates a layer 

10 of electrically-conductive material configured so as to overile and have 

edges extending laterally of the bolt head and being separated therefrom 
by insulating material, the layers of Insulating material adjacent the 
lateral edges of the conductive layer being adapted to breakdown 
dielectrically before dielectric break down can occur In the Insulating 

16 material separating the conductive layer and the bolt head, thereby to 

divert electrical current from a lightning strike away from the fastener and 
prevent arcing at the fastener. 

7. A combination as claimed In Claim 6 wherein the conductive layer is of 
solid or substantially solid metallic material. 

20 8. A combination as claimed in claim 6 or 7 wherein the conductive layer 
comprises a strip which is applied relative to the outer aircraft skin so as 
to extend over and overiie a row of bolt heads forming a line of 
fastenings along the outer surface skin. 

9. A combination as claimed In any of claims 6, 7, or 8 comprising providing 
25 two further layers of electrically-conductive material contiguous with the 

insulating material and the outer aircraft skin and in the regions adjacent 
the edges of the conductive material to promote dielectric breakdown so 
that electrical current flows through the insulating material from the 
edges of the conductive material to the further layers of conductive 
30 material. 
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10. A combination as claimed in any of claims 6 to 9 wlierein the layer of 
insulating material comprises an appliqu6 layer, the conductive layer 
being incorporated in the appliqu^ layer. 



wo 2004/106160 



PCT/GB2004/00210S 




30 



Fig.2 



INTERNATIONAL SEARCH REPORT 



Int^ inal Application No 

PCT/GB2004/002105 



A. CLASStFICATION OF SUBJECT MATTER 

IPC 7 B64D45/02 



AocoiTlIng to International Patent CteasHleaUon (IPC) or to both national dassiScallon and IPC 



B. FIELDS SEARCHED 



Minimum documentailon searched (dasslllcatlon system toBowBd by dasanealton synrtbob) 

IPC 7 B64D 



DoeumentaOon searched other than nMmuin doaanenlatlon to the extent that such documents are Included In Oie fiskb searched 



Eleciranic data t>ase oonsuned during the Mernaibnal search (name of date base and where practical, search terms used) 

EPO-Internal , WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy • Cftation of document, with Indlcatton. where appropriate, of the retavant pa m Bg n n 



Relevant to daim No. 



US 4 628 402 A (COVEY JAMES H) 

9 December 1986 (1986-12-09) 

column 1, lines 7-11,52-58 

column 2, lines 5-39 

column 3, line 59 - column 5, line 15; 

figures 

US 4 789 918 A (BANNINK JR ENGBERT T) 
6 December 1988 (1988-12-06) 
column 2, lines 48-60 
column 3, lines 18-54; figures 



1.6,7 



US 4 912 594 A (OLSON GLENN 0 ET AL) 
27 March 1990 (1990-03-27) 
column 2, line 65 - column 3, line 4 
lines 33-43 
lines 33-58; figures 



1,6-8 



1,6-8 



column 3, 
column 4, 



m 



Further documents are Usted In the contlnualion ol box C. 



Patent famOy mamtMiB are listed In annex. 



Special categories of dted documents : 

*A' document defining the general stale of the art which is not 

considered to be of p^tlcular relevance 
*E* earfiar document but published on or after the imemallonal 

filing date 

'L* document which may throw doubts on priorily claim(s)or 
which is cited to esabliSh the publication date of another 
citation or other special reason (as specified) 

'0^ document referring to en oral dIsdosuiB, use, exhIbfUonor 
other means 

'P" document published prior to the International fmng date but 
later than the priority date claimed 



T later document published after the intemalionaJ fiOng date 
or priority date and not in conflict with the applicalion but 
dted to understand the principle or theory underlying the 
Invention 

•X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

•V document of particular relevance; the claimed InvenOon 

cannot be considered to involve an inventive step when the 
document is combined with one or more otiier such docu- 
ments, such comblnallon being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual oomptetton of the International search 



13 July 2004 



Date of maDIng of the Intemallonai search report 



20/07/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5618 Patentlaan 2 
NL - 2280 HV ROswijk 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Salentlny, 6 



Foim PCT/1SA/210 (second sheet) (Januaiy 2004) 



INTERNATIONAL SEARCH REPORT 



Int tnal Application No 

Pui/uB2004/002105 



C^Contlnuatlon) DOCUA/IENTS CONSIDERED TO BE RELEVANT 



Cateoory ' Cnallon of document, with Indication, v/here appropriate, of ttte relevant passages 



Relevant to claim No. 



EP 0 685 389 A (BRITISH AEROSPACE) 
6 December 1995 (1995-12-06) 
cited 1n the application 



FoRii PCT/lSA/210 (oontlnuallon 01 ssoand rtnat) (Januaiy 9004) 



INTERNATIONAL SEARCH REPORT 



nionnatien on patent family members 



Int snal AppQcatlon No 

Pi;i/tiB2004/002105 



Patent document 
dted In search report 


Publication 
data 


Patent family 
member(8) 


r^U DliCclUO 1 1 

data 


US 4628402 


A 


09-12-1986 


DE 
EP 
JP 


217314 Tl 
0217314 A2 
62168394 A 


14-01-1988 
08-04-1987 
24-07-1987 


US 4789918 


A 


06-12-1988 


NONE 







US 4912594 A 27-03-1990 NONE 



EP 0685389 


A 


06-12-1995 DE 


69511623 Dl 


30-09-1999 




DE 


69511623 T2 


09-12-1999 






EP 


0685389 Al 


06-12-1995 






ES 


2136249 T3 


16-11-1999 






US 


5845872 A 


08-12-1998 



i=oon PCT/lSA/210 (palem tamlV annex) (January 2004) 



